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doi:10.1016/j.ejvs.2011.01.022Abstract Objectives: It has been shown that the leg muscle pump increases arterial leg blood
flow during upright exercise in healthy subjects, and that this effect is reduced in patients with
incompetence of the great saphenous vein (GSV). In this study, patients with GSV reflux causing
varicose veins were investigated after GSV stripping, to see whether the muscle pump effect
on arterial leg blood flow is improved.
Design: Prospective case study.
Methods: Nine patients with GSV incompetence resulting in symptomatic varicose veins, but
without peripheral artery disease were included in this study. Patients exercised in the supine
and 30 head up tilted positions by rhythmically pressing down a pedal with one foot. Blood
flow was measured in the femoral artery using Doppler ultrasound. The Exercise-induced rise
in femoral artery blood flow was compared in the supine and 30 head up tilted positions.
Patients were investigated both before and after undergoing saphenofemoral ligation and
GSV stripping as a treatment for their varicose veins. The arterial blood flow response to exer-
cise was compared between the pre and postoperative observations.
Results: Prior to GSV stripping the immediate rise in femoral flow was 0.25 l min1 above rest
in both supine and tilted positions. After GSV stripping however, the rise in flow was 30% larger
in the tilted position than in the supine position (0.26 vs. 0.20 l min1, P < 0.05).
Conclusions: GSV stripping modestly improves arterial leg blood flow at the onset of exercise in
patients with GSV insufficiency, because of an improved effect of the leg muscle pump.
ª 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.d, Department of Physiology, Institute of Basic Medical Sciences, University of Oslo, P.O. Box 1103,
þ4722851219; fax: þ4722851249.
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ty for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Figure 1 a) Tilting bed. b) Protocol one experimental session and femoral artery blood flow responses to exercise HUTZ head-up
tilt, TB Z tilt back (return to supine position). Traces are from an original recording in one patient.
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The calf muscle pump is well known to be important in
promoting blood flow towards the heart. Although most of
the rise in blood flow in response to exercise is likely to be
due to a rapid vasodilatation,1e7 we have shown another
local effect of the leg muscle pump in healthy subjects,
where it facilitates muscle perfusion during exercise.3 This
mechanism is thought to exert its effect by active calf
muscles squeezing blood out of the veins during muscle
contraction, thus reducing venous pressure during the
muscle relaxation phase. This, in turn, will result in an
increase in perfusion pressure and arterial inflow to the leg.
This mechanism has been described in detail by several
authors.8e11 For this to happen, the venous valves must be
competent to prevent venous reflux and maintain a low
venous pressure. We have also shown that patients with
superficial venous insufficiency have an impaired muscle
pump effect on muscle perfusion at the onset of exercise.12
The aim of this article is to investigate if stripping of the
great saphenous vein (GSV) for venous insufficiency
improves arterial leg blood flow during exercise by
improving the effect of the leg muscle pump.
Due to the gravitational effect of a hydrostatic column,
arterial and venous pressures in the legs increase withincreasing distance below the heart in the upright position.
Hence, any muscle pump effect is more pronounced in the
upright position. Using our experimental calf exercisemodel,3
we compared the rise in femoral artery flow (FF) on transition
fromrest toexercise in the supineand30 headuptilted (HUT)
positions in patients with GSV insufficiency, before and after
venous stripping. Importantly this exercise model was devel-
oped to ensure that the muscle work is the same in both the
positions so that the metabolically induced vasodilatation is
equal in both the positions. This makes it possible to isolate
the effect of the mechanical muscle pump. Given that these
patients have a reduced muscle perfusion because of
a reduced effect of the leg muscle pump, we hypothesised
that venous stripping should improve muscle pump function
and muscle perfusion.Methods
Subjects
The patients were recruited from Akershus University
Hospital, Department of Vascular and Thoracic Surgery and
the experiments were carried at the University of Oslo,
Institute of Basic Medical Sciences. Nine patients (three
Figure 2 Time periods for data analysis. Femoral blood flow
response to exercise in one tilted patient. Bold lines show the
time periods that were used to calculate resting, onset and
steady-state levels of the recordings. The median values for
these time periods were calculated to find the rise in flow at
the onset of exercise as b  a, and the steady-state rise in flow
as c  (a þ d )/2. a: resting baseline flow was calculated as the
median over the 20 s period starting 30 s prior to exercise
b: peak transient exercise flow was calculated as the median
over the 5 s period starting 7 s after exercise started (included
peak flow for all subjects in supine and tilted positions). c:
steady-state flow during exercise was calculated as the median
over the 20 s period starting 80 s after the onset of exercise.
d: resting baseline flow after exercise was calculated as the
median over the 20 s period starting 60 s after exercise ended.
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disease participated in the study, shortly before they were
scheduled for operation, and at least 6 weeks after GSV
stripping, allowing for adequate recovery of the patients.
They were clinically classified as CEAP 2 and 313 and the
mean age was 48 SD 12 years. One patient was on antihy-
pertensive medication. Prior to inclusion, standard duplex
ultrasound of the lower limb arterial system was performed
to confirm the absence of lower extremity arterial disease.
The superficial venous system, the femoral vein and pop-
litaeal vein were examined by duplex ultrasound in the
upright position. All patients were assessed for duplication
and tributaries of the GSV. All patients had GSV reflux
(duration > 1 s) and none had deep venous reflux. Patients
were operated under total intravenous anaesthesia (TIVA)
by division of all tributaries of the saphenofemoral junc-
tion, division of the GSV and flush suture ligation to the
femoral vein. Subsequent stripping of the GSV was per-
formed to approximately 10 cm below the knee. Patients
also underwent stab phlebectomy of tributaries of the GSV.
All patients were thoroughly assessed by duplex ultrasound
after 6 weeks for completeness of the operation.
Written informed consent was obtained from all partic-
ipants and the study conformed to the standards set by theTable 1 Resting baseline values before the start of exercise.
Preop sup
Heart rate (bpm) 65.3
Mean arterial pressure (mmHg) 94.1
Femoral flow (l/min) 0.50
Femoral peripheral conductance (ml/min/mmHg) 5.2
Values are the median of the individual medians for the 20 s period bDeclaration of Helsinki. The study was reviewed and
approved by the regional ethics committee. Data from
eight of the nine patients participating in this postoperative
study were included in a preoperative study.12
Experimental design
The experiments were carried out using a manually driven
tilting bed with pedals connected to the end of the bed
(Fig. 1a).3 Patients performed rhythmic muscle work con-
sisting of active plantar flexions (1 s) with a passive return
(1 s) to the starting position. The contraction force was 30%
of maximal voluntary contraction (MVC), which corre-
sponded to an average weight of 4.4 kg lifted by the
patients. The experimental protocol is illustrated in Fig. 1b.
Patients performed 2e4 experimental sessions on either
one or two experimental days prior to GSV stripping, and
two experimental sessions at least 6 weeks after operation.
Beat-to-beat femoral artery blood velocity was continu-
ously recorded using pulsed Doppler ultrasound (3 MHz) (SD-
100, GE Vingmed Ultrasound, Norway). Care was taken to
avoid signals from the femoral vein. One patientwas excluded
because the femoral artery blood flow measurements were
influenced by venous flow. The instantaneous intensity-
weighted mean velocity was calculated by the velocimeter
andon-line interfaced toa recording computer. Instantaneous
heart rate (HR) was calculated over each ReR interval of the
electrocardiogram signal. The diameter of the femoral artery
was determined by ultrasound imaging (model CFM-750, GE
Vingmed Ultrasound, Horten, Norway) in the supine position
as the average of two frozen-screen arterial diameter images,
and the area was calculated assuming the vessel was circular.
Mean diameter for the patients was 8.4 SD 2mm. Importantly,
little or no change in the femoral artery diameter is seen in
going from supine to 30 HUT (data not shown),whichwas also
confirmed byGroothuis and colleagues in going from supine to
70 HUT.14 The beat-to-beat ‘stroke volume’ in the femoral
artery was calculated by numerical integration of the recor-
ded instantaneous intensity-weighted mean velocity during
each ReR interval multiplied by the area of the femoral
artery. Finger arterial pressure was recorded continuously
from the third finger of the left hand (2300 Finapres blood
pressure monitor, Ohmeda, Madison, WI, USA).15 Care was
taken to ensure that the hand was at heart level.
Data analysis and statistics
The variables were recorded and saved with a sampling
frequency of 50 Hz and data analysis was performed on
0.25 s averages of the recorded values. Fig. 2 shows the
time periods used in the data analysis.ine Preop tilted Postop supine Postop tilted
68.1 65.6 70.5
102.0 93.1 101.2
0.35 0.53 0.35
3.4 5.8 4.0
efore the start of muscle work indicated in Fig. 2.
Figure 3 HR, MAP, flow and FPC responses to exercise, before and after GSV stripping, for nine patients. The traces show the
median of the individual medians in the supine and HUT positions, from 9 patients. The vertical lines mark the beginning and end of
exercise. Solid lines denote responses in the supine position and dotted lines indicate responses in the tilted position.
700 I.H. Na˚dland et al.Femoral peripheral conductance (FPC) was calculated
by dividing FF by mean arterial pressure (MAP).
Transient and steady-state exercise response values
were calculated for each exercise bout and then averaged
to give the median for each subject. Across all subjects, the
statistical significance of differences between the onset
and steady-state changes in FF, HR, MAP and FPC found in
the supine and tilted positions was analysed by two-sided
paired Wilcoxon tests, pre and postoperatively. The
significance level was set at 0.05.Results
Fig. 1b shows an original recording of FF from one experi-
mental session in one patient, postoperatively. Onset of
exercise immediately increased the blood flow to the leg inboth the supine and tilted positions. FF was restored to
baseline after the end of exercise. During tilt-up, there was
a transient rise in FF followed by a reduction in flow. Changes
were in the opposite direction during tilt back to the supine
position. Fig. 2 shows a single patient (postoperative) period
of exercise in the tilted position and indicates the time
periods Fig. 2(aed) used in the data analysis.
Table 1 shows resting baseline values of HR, MAP, FF and
FPC, prior to exercise.
Fig. 3(aeh) illustrates theHR,MAP, FFandFPC responses to
muscle work, pre and postoperatively. Statistical results are
shown in Table 2. Exercise immediately increased HR by a few
heartbeats (Fig. 3a,e). Prior to GSV stripping the immediate
rise in HR was approximately 3 bpm larger (P < 0.05) in the
supine than in the tilted position (Table 2). After the imme-
diate peak, HR declined slightly, but remained elevated by
approximately 2e3 bpm throughout the exercise period
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exercise level. HR was slightly higher in the tilted than in the
supine position. Countdown to exercise induced an anticipa-
tory increase in HR and a corresponding increase in MAP.
Immediately after the onset of exercise, there were only
minor changes (<2 mmHg) in MAP (Fig. 3b,f and Table 2).
The steady-state changes in MAP were also small. After the
end of muscle work, MAP returned to pre-exercise level.
MAP was higher in the tilted position than in the supine
position.16 Both before and after stripping of the GSV,
neither the transient nor the steady-state responses in MAP
showed any difference between the supine and tilted
positions (Table 2).
FF for all subjects is shown in Fig. 3c,g. Resting, exercise
and post-exercise femoral blood flow was lower in the til-
ted than in the supine position. At the onset of muscle
work, there was an immediate, transient rise in flow in both
the tilted and supine positions, which then adjusted and
stabilised at a steady-state level. Prior to GSV stripping, no
statistical differences between the supine and tilted posi-
tions were found for either the transient or the steady-
state responses of FF to exercise (Table 2). After GSV
stripping however, the rise in flow was 30% larger in the
tilted than in the supine position (0.26 vs. 0.20 l min1,
P < 0.05). There was no difference between the steady-
state responses (Table 2). After the end of muscle work,
blood flow returned to pre-exercise level.
FPC (Fig. 3d,h) followed the overall pattern exhibited by
FF, but neither the transient nor the steady-state response
showed any difference between the supine and the tilted
positions.
The improvement in flow is shown in Fig. 4, which
illustrates the immediate rise in femoral blood flow as the
group median of the individual medians before and after
GSV stripping. Apart from the larger transient rise in FF in
the tilted position postoperatively, the pattern prior to GSV
stripping was similar to that observed after GSV stripping.
Discussion
Main findings
GSV stripping seems modestly to improve the increase in
arterial blood flow to the legs at the onset of exercise in an
upright position. There are likely to be several factors
which led to this. First, the muscle pump effect on muscle
perfusion is most likely reduced, and not abolished by GSV
insufficiency, since the calf muscle pump acts primarily on
deep veins. Second, the hydrostatic effect in the tilted
position is only 50% of the effect in the standing position
(sin 30 Z 0.5), and thus any muscle pump effect should be
greater in the standing position.
The exercise-induced changes in HR, MAP and FPC prior
to GSV stripping are similar to those observed after strip-
ping of the GSV. The rise in HR was equal prior to and after
venous stripping, indicating that the overall stress of the
muscle work performed by the patients was the same pre
and postoperatively. Further, in addition to relieving the
symptoms of these patients, GSV stripping does not seem to
affect the cardiovascular responses to exercise (other than
the initial flow improvement).
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Figure 4 Rise in femoral flow, before and after GSV stripping, as the median of the individual medians from nine patients.
702 I.H. Na˚dland et al.Potential impact of incompetent superficial veins
on muscle pump efficacy
The leg muscle pump has a larger influence on larger deep
veins, rather than the superficial GSV. For the muscle pump
to contribute to the rise in arterial blood flow during
exercise, there must be a sufficient reduction in deep
venous pressure in-between contractions, stemming from
the leg muscle pump acting primarily on the deep muscle
veins. However, the calf perforator veins provide a link
between the deep and superficial veins. These communi-
cating veins enable an equilibration of pressure changes
between the deep and superficial venous system.17,18 Thus,
a failure in the superficial venous system could also influ-
ence the deep venous system. As a calf muscle contraction
pushes blood from deep veins toward the heart, blood
pressure in both deep and superficial veins decreases during
the subsequent relaxation period. During upright exercise
this reduction in deep venous pressure is thought to widen
the arterialevenous pressure gradient and increase arterial
blood flow to the leg.8e11 The fall in the deep venous
pressure also causes blood to drain from the superficial
venous system through perforator veins and into deep veins
during relaxation periods.17,19 Thus deep veins refill from
both the arterial side and from the superficial veins during
the relaxation periods. Patients with insufficiency of the
GSV have venous reflux, ambulatory venous hypertension20
and a faster venous refill time.21 Additionally, it has been
demonstrated that bidirectional flow within calf perfora-
tors takes place both in healthy subjects and in patients
with varicose veins.18,22 The inward component of this flow
prevails over the outward component in patients with
superficial venous insufficiency and the larger the saphe-
nous reflux, the larger is the inward vector.23 It is possible
that deep veins may be more influenced by venous refill
from superficial veins between contractions, than in
healthy subjects, which in turn could impair the muscle
pump and thereby restrict the widening of the arter-
ialevenous pressure gradient described above. Moreover, if
the leg muscle pump is reduced by insufficiency of the GSV,then one would expect greater impairment if the deep
veins were damaged, as in patients with deep venous
insufficiency.
In addition to increasing the arterialevenous pressure
gradient, the leg muscle pump may also increase arterial
leg blood flow through suspension of the venoarteriolar
reflex,24 when this is activated in the upright position.
Thus, the unloading of calf veins (deep and superficial)
attenuates leg arterial vasoconstriction, thereby increasing
arterial flow. However, in patients with GSV insufficiency,
unloading of the leg veins is less effective making an
increase in leg blood flow through suspension of the
venoarteriolar reflex less likely. After GSV stripping the
venoarteriolar reflex in the GSV is removed. The effect
from unloading of the deep veins is probably intact, both
prior to and after stripping. In the present study it is diffi-
cult to separate the two mechanisms by which the leg
muscle pump increases arterial leg blood flow.Clinical importance
GSV strippingmodestly improves arterial leg blood flowduring
exercise in patients with GSV insufficiency by improving the
effect of the leg muscle pump. The effect is transient,
because muscle blood flow is tightly regulated to match
musclemetabolic demand, andvasodilatation seems tobe the
major determinant of blood flow during exercise in these
patients. Hence, themuscle pump effect on arterial leg blood
flow may not be important in these patients with normal
arteries. However, in patients with peripheral arterial occlu-
sive disease (PAOD), the mechanical muscle pump could be
important. In PAOD patients with concomitant venous insuf-
ficiency, themodest improvement in arterial flowprovided by
GSV stripping could be of clinical importance.
Conclusion
GSV stripping modestly improves arterial leg blood flow at
the onset of upright exercise in patients with incompetence
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